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(54) Optical amplifier with pump light source control for raman amplification 



(57) A Raman amplifier for amplifying a wavelength 
division multiplexed (WDM) light including signal lights 
wavelength division multiplexed together. The amplifier 
includes an optical amplifying medium and a controller 
The optical amplifying medium uses Raman amplifica- 
tion to amplify the WDM light in accordance with multi- 



plexed pump lights of different wavelengths traveling 
through the optical amplifying medium. The WDM light 
is amplified in a wavelength band divided into a plurality 
of individual wavelength bands. The controller controls 
power of each pump light based on a wavelength char- 
acteristic of gain generated in the optical amplifying me- 
dium in the individual wavelength bands. 
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Description 

CROSS-REFERENCE TO RELATED APPLICATIONS 

5 [0001] This application is based on, and claims priority to, Japanese application number 2000-255291 , filed August 
25, 2000, in Japan, and which is incorporated herein by reference. 

[0002] This application is related to U.S. application 09/531,015, filed March 20, 2000, and which is incorporated 
herein by reference. 

10 BACKGROUND OF THE INVENTION 

1. Field of the Invention 



15 



20 



25 



30 



35 



40 



45 



50 



55 



[0003] The present invention relates to a Raman amplifier for amplifying a signal light in an optical communication 
system. More particularly, the present invention relates to a Raman amplifier for amplifying wavelength division multi- 
plexed signal lights. 

2. Description of the Related Art 

[0004] Almost all optical amplifiers used in current optical communication systems are rare-earth doped optical fiber 
amplifiers. Particularly, erbium (Er) doped optical fiber amplifiers (ED FA) are commonly used. 

[0005] Moreover, with wavelength division multiplexing (WDM) optical communication systems, a plurality of signal 
lights at different wavelengths are multiplexed together and then transmitted through a single optical fiber. Since an 
EDFA has a relatively wide gain band, WDM optical communication systems use EDFAs to amplify the multiplexed 
signal lights. Therefore, with WDM optical communication systems using EDFAs, the transmission capacity of an optical 
fiber can be greatly increased. 

[0006] Such WDM optical communication systems using EDFAs are extremely cost effective, since they can be 
applied to previously laid optical fiber transmission line to greatly increase the transmission capacity of the optical fiber 
transmission line. Moreover, an optical fiber transmission lines has virtually no limitation on bit rate since EDFAs can 
easily be upgraded in the future, as developments in optical amplifier technology occur. 

[0007] Transmission loss of an optical fiber transmission line is small (about 0.3dB/km or less) in the wavelength 
band of 1450nm to 1650nm, but the practical amplifying wavelength band of an EDFA is in a range of 1530nm to 
1 61 Onm. Thus, an EDFA is only effective for amplifying signals in a portion of the wavelength band of 1 450 nm to 1 650 

nm. 

[0008] In a WDM optical communication system, a predetermined transmission characteristic may be obtained by 
suppressing fluctuation of optical power among each channel to 1dB or less in each optical repeating stage because 
the upper limit of optical power is caused by a nonlinear effect and the lower limit by a receiving signal-to-noise ratio 
(SNR). 

[0009] Here : a transmission loss wavelength characteristic of the transmission line and a dispersion compensation 
fiber or the like forming the WDM optical communication system must be reduced. 

[0010] In a WDM optical communication system, the wavelength characteristic of transmission loss in a transmission 
line due to the induced Raman scattering provides the maximum influence on the wavelength characteristic of the 
signal light. 

[0011] A key component of current WDM transmission systems is an EDFA that can amplify wavelength division 
multiplexed signal lights at the same time. For further improvement, such as increase of transmission capacity and 
realization of ultra-long distance transmission, it would be desirable to provide an optical amplifier which can amplify 
different wavelength bands than a conventional EDFA, while also providing the favorable characteristics of an EDFA. 
[0012] In view of expanding the wavelength band of an optical amplifier to increase the transmission capacity of 
optical fibers, attention is being directed to a Raman amplifier. 

[0013] A Raman amplifier can amplify the Stokes-shifted frequency that is shifted as much as the Raman shift of the 
amplifying medium from the frequency of a pump light. Therefore, a signal light can be amplified at a desired frequency 
with a pump light source producing a pump light of a desired wavelength. 

SUMMARY OF THE INVENTION 

[0014] Accordingly, it is an object of the present invention to provide a Raman amplifier for use in a WDM optical 
communication system. 

[0015] More specifically, it is an object of the present invention to provide a control algorithm for a Raman amplifier 
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using multiple pump light wavelengths or pump sources to attain a flat wavelength band over a wide band range. 
[0016] It is also an object of the present invention to provide a control algorithm for a Raman amplifier that allows 
the amplifier to easily realize constant output power control, constant gain control and wavelength characteristic flat- 
tening control. 

5 [0017] Additional objects and advantages of the invention will be set forth in part in the description which follows, 
and, in part, will be obvious from the description, or may be learned by practice of the invention. 
[0018] The foregoing objects of the present invention are achieved by providing an optical amplifier including (a) an 
optical amplifying medium to Raman amplify a wavelength division multiplex (WDM) light including signal lights wave- 
length division multiplexed together; (b) pump light sources generating pump lights of different wavelengths; (c) a first 

w optical multiplexer multiplexing the pump lights together; (d) a second optical multiplexer multiplexing the WDM light 
with the multiplexed pump lights; (e) a detector dividing the amplified WDM light into wavelength bands and detecting 
a power in each wavelength band; and (f) a pump light controller controlling power of each pump light based on a 
wavelength characteristic of gain generated in the optical amplifying medium for each wavelength bands, in accordance 
with the powers detected by the detector. 

is [0019] Objects of the present invention are also achieved by providing an optical amplifier including (a) an optical 
amplifying medium to Raman amplify a wavelength division multiplex (WDM) light including signal lights wavelength 
division multiplexed together; (b) pump light sources generating pump lights of different wavelengths; (c) a first optical 
multiplexer multiplexing the pump lights together; (d) a second optical multiplexer multiplexing the WDM light with the 
multiplexed pump lights; (e) an input detector detecting power of the WDM light before being amplified by the optical 

20 amplifying medium; (f) an output detector detecting power of the amplified WDM light; and (g) a pump light controller 
controlling powers of the pump lights based on the power detected by the input detector and the power detected by 
the output detector. 

[0020] Moreover, objects of the present invention are achieved by providing an optical amplifier including (a) an 
optical amplifying medium to Raman amplify a wavelength division multiplex (WDM) light including signal lights wave- 

25 length division multiplexed together; (b) pump light sources generating pump lights of different wavelengths; (c) a first 
optical multiplexer multiplexing the pump lights together; (d) a second optical multiplexer multiplexing the WDM light 
with the multiplexed pump lights; (e) a decoupler decoupling a portion of the amplified WDM light; (f) a detector dividing 
the decoupled portion into wavelength bands and detecting a power in each wavelength band; and (g) a pump light 
controller controlling power of each pump light based on a wavelength characteristic of gain generated in the optical 

30 amplifying medium for each wavelength bands, in accordance with the powers detected by the detector. 

[0021] Further, objects of the present invention are achieved by providing an optical amplifier including (a) an optical 
amplifying medium to Raman amplify a wavelength division multiplex (WDM) light including signal lights wavelength 
division multiplexed together; (b) pump light sources generating pump lights of different wavelengths; (c) a first optical 
multiplexer multiplexing the pump lights together; (d) a second optical multiplexer multiplexing the WDM light with the 

35 multiplexed pump lights; (e) an input detector dividing the WDM light before being amplified in the optical amplifying 
medium into wavelength bands, and detecting the power in each wavelength band; (f) an output detector dividing the 
amplified WDM light into the same wavelength bands as the input detector, and detecting the power in each wavelength 
band: and (g) a pump light controller controlling powers of the pump lights based on the powers detected by the input 
detector and the powers detected by the output detector 

40 [0022] In addition, objects of the present invention are achieved by providing an optical amplifier for amplifying a 
wavelength division multiplexed (WDM) light including signal lights wavelength division multiplexed together, the am- 
plifier including (a) an optical amplifying medium to Raman amplify the WDM light in accordance with multiplexed pump 
lights of different wavelengths traveling through the optical amplifying medium, the WDM light being amplified in a 
wavelength band divided into a plurality of individual wavelength bands; and (b) a controller controlling power of each 

45 pump light based on a wavelength characteristic of gain generated in the optical amplifying medium in the individual 
wavelength bands. 

[0023] Objects of the present invention are also achieved by providing an optical amplifier for amplifying a wavelength 
division multiplexed (WDM) light including signal lights wavelength division multiplexed together, the amplifier including 
(a) an optical amplifying medium to Raman amplify the WDM light in accordance with multiplexed pump lights of different 
so wavelengths traveling through the optical amplifying medium, the WDM light being amplified in a wavelength band 
divided into a plurality of individual wavelength bands; and (b) a controller controlling output powers of the pump lights 
in accordance with differences in power of the WDM light before being amplified by the optical amplifying medium and 
after being amplified by the optical amplifying medium in each individual wavelength band. 

55 BRIEF DESCRIPTION OF THE DRAWINGS 

[0024] These and other objects and advantages of the invention will become apparent and more readily appreciated 
from the following description of the preferred embodiments, taken in conjunction with the accompanying drawings of 
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which: 



FIG. 1 is a diagram illustrating the relationship between a pump light and gain wavelength during Raman amplifi- 
cation, according to an embodiment of the present invention. 

FIG. 2 is a diagram illustrating enlargement of bandwidth of a Raman amplifier by multiplexing different wavelengths 

of different pump light sources, according to an embodiment of the present invention. 

FIG. 3 is a diagram illustrating a Raman amplifier, according to an embodiment of the present invention. 

FIGS. 4(A), 4(B) and 4(C) are diagrams illustrating wavelength characteristics of a single pump light source block 

of a Raman amplifier, according to an embodiment of the present invention. 

FIGS. 5(A), 5(B) and 5(C) are diagrams illustrating wavelength characteristics of single pump light source block 
of a Raman amplifier, according to an embodiment of the present invention. 

FIGS. 6(A) and 6(B) are diagrams illustrating control to obtain a constant wavelength characteristic, according to 
an embodiment of the present invention. 

FIG. 7 is a flowchart illustrating the operation of a pump light controller in FIG. 3 : according to an embodiment of 
the present invention. 

FIG. 8 is a diagram illustrating a Raman amplifier, according to an embodiment of the present invention. 

FIG. 9 is a diagram illustrating a wavelength characteristic when a desired number of monitor blocks are used in 

a Raman amplifier, according to an embodiment of the present invention. 

FIG. 10 is a diagram illustrating a practical structure of a pump light source block and a wavelength multiplexing 

coupler in the Raman amplifiers of FIGS. 3 and 8, according to an embodiment of the present invention. 

FIG. 1 1 is a diagram illustrating a portion of a Raman amplifier, according to an embodiment of the present invention. 

FIG. 12 is a diagram illustrating a Raman amplifier, according to an embodiment of the present invention. 

FIG. 13 is a flowchart illustrating the operation of a pump light controller in FIG. 12, according to an embodiment 

of the present invention. 

FIG. 14 is a diagram illustrating a Raman amplifier, according to an embodiment of the present invention. 

FIG. 1 5 is a diagram illustrating a Raman amplifier, according to an additional embodiment of the present invention. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[0025] A Raman amplifier is used to compensate for output tilt of an ED FA. 

[0026] In addition, attention is also paid to a Raman amplifier because the pump light is introduced into the trans- 
mission fiber. In this manner, the transmission fiber is used to compensate for deterioration of output using the trans- 
mission fiber as the Raman amplifying medium, to thereby provide transmission loss wavelength compensation of the 
transmission line due to the induced Raman scattering. 
[0027] Raman amplifiers can mainly be considered for the following: 

(1) Amplification outside of the wavelength band of EDFA. 

(2) Improvement in output deviation compensation of an EDFA and improvement in optical SNR. 

(3) Induced Raman scattering compensation of the transmission line. 



[0028] In a WDM optical communication system, important characteristics for an optical amplifier are a wideband 
wavelength band, and a flat wavelength band. 

[0029] It is now considered to use a plurality of pump lights of different wavelengths in view of realizing wide band 
transmission of a Raman amplifier. The Raman amplifier output is monitored or an output after insertion of an in-line 
amplifier after the Raman amplifier is monitored to control outputs of a plurality of pump LDs used to attain the band 
of the Raman amplifier to make small the output deviation. 

[0030] When three or more pump light sources are used, the algorithms of the output power constant control or gain 
constant control and wavelength characteristic flattening control are extremely complicated. 

[0031 ] Namely, with an increase in the number of pump wavelengths for realizing wide band and wavelength flattening 
or the number of pump light sources, more complicated control algorithms are required. Unfortunately, there are no 
conventionally known adequate algorithms. 

[0032] Reference will now be made in detail to the present preferred embodiments of the present invention, examples 
of which are illustrated in the accompanying drawings, wherein like reference numerals refer to like elements through- 
out. 

[0033] FIG. 1 is a diagram illustrating the relationship between a pump light and gain wavelength during Raman 
amplification, according to an embodiment of the present invention. Referring now to FIG. 1, pumps lights A^, 
and Ap 3 are pump lights for a Raman amplifier, and have associated Raman shifts of shiftl , shift2 and shift 3, respec- 
tively. The center wavelength of gain and the gain bandwidth are shifted to a longer wavelength side as much as the 
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shift of pump wavelength when the pump wavelength is shifted to the longer wavelength side. 

[0034] Therefore, a Raman amplifier generates a gain at a respective wavelength that is shifted in amount of Raman 
shift of the amplifying medium from the pump light wavelength. The Raman shift amount and Raman bandwidth are 
intrinsically given to a substance (amplifying medium). Thus, Raman amplification is an optical amplification technique 
5 in which gain can be obtained at any desired wavelength if a pump light source having a desired wavelength can be 
provided. 

[0035] FIG. 2 is a diagram illustrating enlargement of bandwidth of a Raman amplifier by multiplexing different wave- 
lengths of different pump light sources, according to an embodiment of the present invention. Referring now to FIG. 
2, a plurality of pump light sources provide pumps lights with wavelengths Xp 1t Ap 2 , and X^, which together form pump 
10 light 100 applied to an amplifying medium. Wavelengths Xp V Xp 2 , and X^ are slightly different from each other. In this 
manner, gain 102 providing wideband optical amplification can be realized. 

[0036] FIG. 3 is a diagram illustrating a Raman amplifier, according to an embodiment of the present invention. 
Referring now to FIG. 3, the Raman amplifier includes an input port 0, a Raman amplifying medium 1, a multiplexing 
coupler 2, a demultiplexing coupler 3, a multiplexing coupler 4, a wavelength branching coupler 5, pump light source 
15 blocks 6-1 , 6-2 and 6-3, light receiving elements 7-1 , 7-2 and 7-3 and a pump light controller 8. 

[0037] A wavelength division multiplexed (WDM) light 104 including a plurality of signal lights multiplexed together 
is incident to back pumped Raman amplifying medium 1 from the input port 0. 

[0038] Multiplexing coupler 4 is a wavelength multiplexing coupler multiplexing the pump lights of average wavelength 
of Ap!, Xp 2 , and Xp 3 of different center wavelengths from pump light source blocks 6-1 , 6-2 and 6-3, respectively. 
20 [0039] Multiplexing coupler 2 is a wavelength multiplexing coupler multiplexing, in Raman amplifying medium 1 , the 
multiplexed pump lights from multiplexing coupler 4 with signal lights traveling through Raman amplifying medium 1 . 
[0040] Demultiplexing coupler 3 is a light splitter demultiplexing the wavelength-multiplexed light amplified in Raman 
amplifying medium 1 with a ratio of, for example, 10:1. 

[0041 ] Wavelength demultiplexing coupler 6 is a wavelength band demultiplexing coupler demultiplexing the Raman 
25 gain wavelength band generated with the pump light from pump light source blocks 6-1 , 6-2 and 6-3 into monitor blocks 
1, 2 and 3 (not illustrated in FIG. 3). Each monitor block 1 , 2 and 3 has a corresponding wavelength band. Light receiving 
. elements 7-1, 7-2 and 7-3 receive the wavelength bands, respectively, corresponding to monitor blocks 1 , 2 and 3, 
respectively, and perform optical/electric conversion. 

[0042] Pump light controller 8 controls the output powers of average wavelengths X p ^, Xp 2 , and Xp 3 of pump light 
30 source blocks 6-1, 6-2 and 6-3 in accordance with the output of the signal light receiving elements 7-1 , 7-2 and 7-3. 
[0043] Control performed by pump light controller 8 will be explained below. 

[0044] The average pump wavelength of pump light source block 6-1 is defined as Ap 1( and the output power of the 
pump light source block 6-1 is defined as P p1 . The average pump wavelength of the pump light source block 6-2 is 
defined as Xp 2 , and the output power of pump light source block 6-2 is defined as P p2 . The average pump wavelength 

35 of pump light source block 6-3 is defined as X^, and the output power of pump light source block 6-3 is defined as P^. 
[0045] The average output power of the average wavelength X s1 of the wavelength band of the monitor block 1 
received with the light receiving element 7-1 is defined as P s1 . The average output power of the average wavelength 
X^ of the wavelength band of the monitor block 2 received with the light receiving element 7-2 is defined as P s2 . The 
average output power of the average wavelength X^ of the wavelength band of the monitor block 3 received with the 

40 light receiving element 7-3 is defined as P s3 

[0046] FIGS. 4(A), 4(B) and 4(C) are diagrams illustrating wavelength characteristics of a single pump light source 
block of a Raman amplifier, according to an embodiment of the present invention.. 

[0047] More specifically, FIG. 4(A) is a diagram illustrating a wavelength division multiplexed light output from the 

amplifier when only pump light source block 6-1 is operated in the average pump wavelength of X p1 and average pump 
45 output power of P p1 . Referring now to FIG. 4(A) : a fine solid line 110 indicates the output spectrum while a thick solid 

line 112 indicates the average output power of each wavelength band monitor block by driving only P p1 . 

[0048] FIG. 4(B) is a diagram illustrating a wavelength division multiplex light output from the amplifier when only 

pump light source block 6-2 is operated in the average pump wavelength X^ and average pump output power of P p2 . 

A fine solid line 114 indicates the output spectrum while a thick solid line 116 indicates the average output power of 
so each wavelength band monitor block by driving only P p2 . 

[0049] FIG. 4(C) is a diagram illustrating a wavelength division multiplex light output from the amplifier when only 

pump light source block 6-3 is operated in the average pump wavelength X^ and average pump output power of P^. 

A fine solid line 118 indicates the output spectrum while a thick solid line 120 indicates the average output power of 

each wavelength band monitor block by driving only P p3 . 
55 [0050] As can be seen from FIGS. 4(A), 4(B) and 4(C), pump light source block 6-1 provides a maximum contribution 

to the signal light output of monitor block 1 . Pump light source block 6-2 provides a maximum contribution to the signal 

light output of monitor block 2. Pump light source block 6-3 provides a maximum contribution to the signal light output 

of monitor block 3. 
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EEL o S ' m t U ' taneou ^- P um P H 9 ht source block 6-1 also makes some contribution to the signal light output of monitor 

. r ^ 6 fT " 9ht ° UtPUt ° f m ° nit0r b ' 0Ck 3 Pump li9ht source block 6 ' 2 makes some contrition to he 
s.gnal Ugh output of monitor block 1 and the signal light output of monitor block 2. Pump light source block 6-3 makes 

rnnT,r n TK bUt :° n * ^ Si9na ' " 9ht ° UtpUt °' m ° nit0r b,ock 1 and si 9 nal «*t °f monitor block 2 

onJ I th Therefo ; e ' pum P "9 hts of a P'"^ 1 ^ °f wavelengths can used to form a wideband optical amplifier At least 
one o the pump lights can be controlled, and will influence the other wavelength band monitor blocks 
°1 5 . " ° rder t0 ° b,ai " a Predetermined amplified signal power a gain coefficient is multiplied by the power of a 

blocks 6 1 t o 6 3^ ITT, TltT aV6rage P ° Wer Variati ° n ° f thS PUmp Hght ° UtpUtS 0f ths P um P ** -"roe 

wJh^L n ,1 ,i m , 1 r P ' 6 Var,at, ° n °' aVera9e ° UtpUt P0Wer 0f the band in which the 9ain is generated 

Sfni L^Tth 9 ^ ? " 9ht reCeiVin9 e ' ementS 7 - 1 10 7 " 3 is defined as AP s and the average gain coefficient is 
defined as A, the following Formula 1 can be determined. 



Formula 1 AP S = AAP 



p 



5 ™L h 7f* P P ° Wer wavelen 9 th characteristic deviation of each wavelength block, AP D can be adjusted 
ZTZ ? »k i P ° Wer l6VelS ° f the wavele "9th-mu.tiplex signal lights of wavelength bands demultiplexed inlo 
three bands with the wavelength demultiplexing coupler 5. AP p can be adjusted, for example by varying an ooS 
output power of the pump iight source, by varying the pump wavelength to shift the center of gravi^vLngth and 

%»£S£ PUmP " 9ht WaVel6n9th Width ' Here ' ^ 6Xample ° f adjUStmSnt ,0r ^ an oP^oCfpower 
[0055J As illustrated in FIGS. 4(A), 4(B) and 4(C), since the gain wavelength band generated by one pump light 
source block ,s wide and the gain is generated over each monitor block, when one pump light source Wock is va ieo 
EES T CalCU ' ated ' COnSideri "9 the influence - ». wavelength of the other monitor blocks ' 
[0056] In other words, regarding the power of each monitor block, an output power of each pump light source block 

excesses ,he " ave,en9,h ,hegain ,n ,he - i 

[0057] Here, the average gain coefficient of the average output power variation AP o1 of the pump wavelength Pl. of 
ttie pump light source block 6-1 affecting on the average output power variation Apfof the monito'r block 1 is £ £ 
as Al1 The average gam coefficient of the average output power variation AP p1 of the pump wavelength JL. of tne 
pump light source block 6-1 affecting on the average output power variation AP of the monitor block 2 is def ne^s 
£ht lo, h, 9 ! f T ,C,en, ° f aVera9S ° UtpUt P0Wer variation AP pi of the P um P wavelength JL, of the pump 

00581 tL °' t 8 eCt,n9 « n aV6rage ° U,PUt P ° Wer Variati ° n AP - 0f ,he ™ nitor S * « ned as A 3 7 
[0058] The average gam coeff.cient of the average output power variation AP p2 of the pump wavelength ^ of the 

IsTefi 'e'd as°A rCe tIT °" ^ ° UtpUt P ° Wer variatio " * P °f *• b 'ock 1 ofthe ™nfc b Zl 

of T ' 2 , L 396 9am coeff,clent of ,he av ^age output power variation AP p2 of the pump wavelength 

^inld a ?A mP T h 9 S ° UrCe b ' 0Ck 6 " 2 aff6Cting ° n thS aVerage 0utput power variati0 " ^ of the ZSoTbbck 2 fe 
defmed as A^The average gam coefficient of the average output power variation AP d2 of the pump wavelength 1! 
of the pump hght source block 6-2 affecting on the average output power variation A Ps3 ofthe monitoTb.ock 3 is dtfin^d 

[0059] The average gain coefficient of the average output power variation AP d3 of the pump wavelength JL, of the 
pump hght source b.ock 6-3 affecting on the average output power variation AP.f of the monito Zc l is d^ned as 

iSi k? 9 ! 9 c a L n C «° eff ident ° f the aV6rage ° UtpUt power varia,ion AP P3 of the pump wavelength \L o the pump 

hght source block 6-3 affecting on the average output power variation AP s ?of the monSor block 2 is 7efned as aT, 
The average gam coefficient of the average output power variation AP p3 of the pump wavelength ^ of the pump hght 

[0060] FIGS. 5(A), 5(B) and 5(C) are d.agrams illustrating wavelength characteristics of a single pump light source 
block of a Raman amplifier according to an embodiment of the present invention 

- SS \ anTtrmo^orlck 3 , f A t ) ( ; IIUStrateS avera 9 e P°wer difference of the monitor biock 1 , the monitor 

block 2 and the monrtor block 3 for the pump hght output power difference when only the pump hght source block 6-1 
is operated. Respective gradients correspond to A„ . A 21 , A 31 ' 9 6 DIOQK b 1 

[0062] FIG 5(B) illustrates the average output power difference of'the monitor block 1 , the monitor block 2 and the 
monrtor block 3 for the pump light output power difference when only the pump hght source block 6 2 2 operated 
Respective gradients correspond to A 12 , A 22 . A 32 . operated. 

mSr b^k ^oVthfn 9 !" 8 T h T Sr f 9S . ° UtPUt P ° Wer differ6nCe ° f ,he m ° nit0r b,0Ck 1 ■ the monit or block 2 and the 
monitor block 3 for the pump hght output power difference when only the pump light source block 6-3 is operated 
Respect.ve gradients correspond to A 13 , A 23: A 33 . operated. 
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[0064] Here, the average gain coefficient matrix [A] including these elements can be obtained 
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[0065] FIGS. 6(A) and 6(B) are diagrams illustrating control to obtain a constant wavelength characteristic, according 
to an embodiment of the present invention. 

[0066] Referring now to FIG. 6(A), the average output of the monitor block 1 , the monitor block 2 and the monitor 
15 block 3 when the wavelength characteristic of the signal light output has a large signal light spectrum is indicated with 
a thick solid line 122 and the average output P f of the total wavelength band is indicated with a broken line 124. 
[0067] Reduction ofthe wavelength characteristic deviation of the wavelength multiplex light output indicates that the 
average outputs P s1 , P s2 and P^ of monitor blocks 1 , 2 and 3, respectively, are matched, as illustrated in FIG. 6(B), 
with the target Raman-amplified wavelength multiplex light output P f (average output of total wavelength band). 

20 

Formula 3 AP s1 = lP f - P s1 1 



AP S 2 = IPf- p s2' 
AP s3 = IP f -P s3 l 

Formula 4 AP s1 « AP^ = AP^ 

30 

[0068] Output difference (tilt) can be suppressed small in the total wavelength band where the Raman gain is gen- 
erated in the Raman amplifying medium 1 by calculating the compensation amount of the pump light outputs P p1 , P p2 
an P 3 of the pump light source blocks 6-1 , 6-2 and 6-3, respectively, to satisfy the above formula. 
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[0069] Namely, it is enough for the pump light controller 8 of FIG. 3 to control the pump light power output from each 
pump light source block 6-1 , 6-2 and 6-3 by (a) monitoring the output power by dividing the wavelength-multiplex light 
where a plurality of signal lights are wavelength-multiplexed into the monitor blocks of the predetermined wavelength 
band, (b) executing the average value process obtained by dividing total output ofthe monitor block of each wavelength 
band with the number of channels, and (c) calculating, with the Formula 5, the average output power difference (tilt) 
of the pump light for weighting the influence on the wavelength of each monitor block of the pump wavelength of each 
pump light source block required to reduce the output power difference in the total wavelength band. 
[0070] Moreover, the feedback control might typically be performed, for example, up to about ten (10) times until the 
predetermined wavelength characteristic deviation is obtained. 

[0071] With these control processes, the average power of the Raman gain wavelength band generated with the 
pump light can be set to the constant power P f . 

[0072] FIG. 7 is a flowchart illustrating a process performed by pump light controller 8 in FIG. 3, according to an 
embodiment of the present invention. The processes in FIG. 7 can be performed, for example, such a processor, such 
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as a CPU. 

!S ? eferrin9 "° W t0 F ' G 7 ' in °P eration 1 ■ the control process is started 
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*5 [0086] Therefore, reduction of deviation of the average output power among each block indicates flattening of the 
wavelength characteristic of the signal light output power. 

[0087] In the embodiment of FIG. 3, the desired number of pump light source blocks and monitor blocks is not limited 
to any particular number and can be determined in accordance with design choice. However, it is preferable that the 
number of monitor blocks be less than the number of signal light channels multiplexed to the wavelength multiplex 

20 light, and exceeding the number of pump light source blocks. 

[0088] FIG. 1 0 is a diagram illustrating a practical structure of a pump light source block and a wavelength multiplexing 
coupler in the Raman amplifiers of, for example, FIGS. 3 and 8, according to an embodiment of the present invention. 
Referring now to FIG. 10, the embodiment includes WDM couplers 24 and 25, deflection composite couplers 61 , 62 
and 63, fiber grating filters 51 , 52, 53, 54, 55 and 56, and semiconductor lasers 81 , 82, 83, 84, 85 and 86. 

25 [0089] The pump light source block 6-1 includes semiconductor lasers 81 and 82. The pump light source block 6-2 
includes semiconductor lasers 83 and 84. The pump light source block 6-3 includes semiconductor lasers 85 and 86. 
Semiconductor lasers 81 and 82 have slightly different wavelengths. Semiconductor lasers 83 and 84 have slightly 
different wavelengths. Semiconductor lasers 85 and 86 have slightly different wavelengths. In the example of FIG. 10, 
the various pairs of semiconductor lasers have wavelengths which are about 4 nm apart, but the present invention is 

30 not limited to this specific wavelength difference. 

[0090] The pump lights from the semiconductor lasers 81 and 82 are at, for example, wavelengths 1429.7nm and 
1433,7nm, respectively, and are reflected at the fiber grating filters 51 and 52, respectively, to provide a resonance 
structure to output a pump light of the particular wavelength. PBS coupler 61 multiplexes these pump lights, to provide 
a pump light provided by pump light source block 6-1 . 

35 [0091] The pump lights from the semiconductor lasers 83 and 84 are at, for example, wavelengths 1454.0nm and 
1458.0nm, respectively, and are reflected at the fiber grating filters 53 and 54, respectively, to provide a resonance 
structure to output a pump light of the particular wavelength. PBS coupler 62 multiplexes these pump lights, to provide 
a pump light provided by pump light source block 6-2. 

[0092] The pump lights from the semiconductor lasers 85 and 86 at, for example, wavelengths 1484.5nm and 
40 1488.5nm, respectively, and are reflected at the fiber grating filters 55 and 56, respectively, to provide a resonance 
structure to output a pump light of the particular wavelength. PBS coupler 63 multiplexes these pump lights, to provide 
a pump light provided by pump light source block 6-3. 

[0093] The polarization coupling by PBS couplers 61 , 62 and 63 is performed, for example, to eliminate dependence 
on change of the Raman amplification. 
45 [0094] The multiplex coupler 4 includes the WDM couplers 24 and 25. The WDM coupler 25 operates, for example, 
by reflecting the wavelength light from the pump light source block 6-2 and transferring the wavelength from the pump 
light source block 6-3. The WDM coupler 24 operates, for example, by reflecting the wavelength light from the pump 
light source block 6-1 and transferring the wavelength from the pump light source block 6-3. 

[0095] In FIG. 10, in each pump light source block 6-1, 6-2 and 6-3, the various semiconductor laser-fiber grating 
50 pairs output light which is slightly different in wavelength from each other. However, the present invention is not limited 
to this, and equal wavelength can be output. Moreover, the light of each pump light source block is not required to be 
formed with a plurality of semiconductor lasers. For example, a pump light of a pump light source block can be formed 
by a single light source which does not depend on polarization. 

[0096] In FIG. 3, the target wavelength multiplex light output value is defined as P f and the average powers of all 
55 wavelength bands are controlled to become equal to P f . Therefore, it is possible to perform control to obtain constant 
output in all wavelength bands. 

[0097] As a modified example of this constant output control, P f is defined as P f1 , P^, P f3 for each wavelength band, 
or monitor block, of the total monitor block and these values are compared to conduct individual constant output control 
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in the individual monitor blocks. 

[0098] In this case, P f1 , P^, P f3 correspond to monitor blocks 1 ,2 and 3, respectively, in place of P, in operation 4 of 
the flowchart of FIG. 7. 

[0099] The pump light controller 8 may also be controlled by subtracting the corresponding P s1 , P 2 , P 3 from the 
values P f1 , P^, P f3 . ~ s 8 s 

[0100] FIG. 11 is a diagram illustrating a portion of a Raman amplifier, according to an embodiment of the present 
invention . Referring now to FIG. 11 , weighting can be performed freely in monitor blocks 1 , 2 and 3 to conduct constant 
output control individually in monitor blocks 1 , 2 and 3, by providing, in place of changing P f , variable or fixed attenuators 
71 , 72 and 73 in the preceding stage of the light receiving elements 7-1 , 7-2 and 7-3 of FIG. 3. 
[0101 ] Moreover, the embodiment in FIG. 3 can freely use, as the Raman amplifying medium, for example, dispersion 
compensation fiber (DCF) resulting in small effective sectional area and large non-linearity, dispersion shifted fiber 
(DSF) and non-zero dispersion shifted fiber (NZDSF), as well as the ordinary 1 .3 zero-micron fiber. 
[0102] When fibers having large non-linearity are used, the length of the fiber that operates as the Raman amplifying 
medium to obtain the necessary gain can be shortened. Therefore, centralized amplification can be realized. 
[0103] In the embodiment of FIG. 3, the wavelength demultiplex couplers 3 and 5, and light receiving elements 7-1 , 
7-2 and 7-3, are used to provide a monitor block. Instead, however, a spectrum analyzer can be used. 
[0104] FIG. 12 is a diagram Illustrating a Raman amplifier, according to an additional embodiment of the present 
invention. In FIG. 12, a branching coupler 9, a wavelength demultiplexing coupler 10 and light receiving elements 11-1, 
1 1 -2 and 1 1 -3 are also used to provide a monitor block, in addition to elements of FIG. 3. 
20 [0105] In FIG. 12, a plurality of wavelength-multiplexed signals are provided the input port 0 of the Raman amplifier. 
The branching coupler 9 is a light splitter provided at the input port 0 to branch the wavelength-multiplexed signals by, 
for example, a 1 0:1 ratio. 

[0106] The wavelength demultiplexing coupler 10 is a wavelength band branching coupler for dividing the Raman 
gain wavelength band generated from the pump light transmitted from the pump light source blocks 6-1 , 6-2 and 6-3 
into the three wavelength bands (monitor blocks), in a similar manner as the wavelength demultiplexing coupler 5. 
Namely, wavelength demultiplexing coupler 10 is a wavelength demultiplexing filter for demultiplex the Raman gain 
wavelength band into monitor blocks 1 , 2 and 3 of the wavelength band. 

[0107] The light receiving elements 11-1 , 11-2 and 11-3 convert the optical power of the monitor blocks 1 , 2 and 3, 
respectively. 

[01 08] Regarding monitor blocks 1 , 2 and 3 isolated by the wavelength demultipexing coupler 1 0, the average output 
power of the average wavelength X s1 of the monitor block 1 is defined as P jn s1 , the average output power of the 
average wavelength A^> of the monitor block 2 is defined as P in s2 , and the average output power of the average 
wavelength A^ 3 of the monitor block 3 is defined as Pj ns3 . 

[0109] The main signal light is incident to the back pumped Raman amplifying medium 1. 
35 [0110] The pump light source blocks 6-1 , 6-2 and 6-3 may be constructed, for example, as illustrated in FIG. 10 or 
may be realized in various embodiments like that for the embodiment in FIG. 3. 

[0111] The signal amplified with the amplifying medium 1 is branched with branching coupler 3 by, for example, a 
10:1 ratio, and divided into the three wavelength band blocks like that of the wavelength demultiplexing coupler 10. 
[0112] The wavelength band of the wavelength demultiplexing coupler 5 respectively corresponds to the average 
wavelengths X s1 , A^ 2 , of the monitor block of the wavelength branching coupler 1 0. The wavelength multiplex output 
power is photo -electrically converted in the light receiving elements 7-1 , 7-2 and 7-3. 
[01 13] As with FIG. 3, the average output power of the average wavelength >. s1 of the monitor block 1 of the wave- 
length demultipexing coupler 5 is defined as P s1 , the average output power of the average wavelength ^ 2 of the monitor 
block 2 is defined as P s2: and the average output power of the average wavelength of the monitor block 3 is defined 
45 asP^. ™ 

[0114] The pump light controller 8 controls the gain to a predetermined value with the monitor input from the light 
receiving elements 7-1,7-2, 7-3, 11-1, 11-2 and 11-3. 

[0115] Practical operations of the pump light controller 8 in FIG. 12 are explained below. 
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[01 16] The average gains G 1 , G 2 , G 3 of monitor blocks 1 , 2 and 3, respectively, can be obtained by subtracting P in s1 , 
p in_s2> p m_s3 obtained with the light receiving elements 11-1, 11-2 and 11-3 through isolation with the wavelength 
demultiplexing coupler 10 in the input port side from P s1 , P s2 , P s3 obtained with the light receiving elements 7-1 , 7-2 
and 7-3, respectively ' 



55 Formula 8 G 1 - P s1 - P jns1 

G 2 = P s2 _ P in_s2 
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[0117] The pump light average output power of each monitor block and the wavelength light average gain of each 
5 monitor block may be coupled with the average gain coefficient of each monitor block and when the pump light average 
output power variation amount is AP p , the signal light average output power variation amount is AG, and the average 
gain coefficient is A. 

1Q Formula 9 AG = A-AP p 

[01 18] [AJ used in the embodiment for FIG. 3 indicates gradient of the signal light average output power of the pump 
light average output power Therefore, the following relationship can also be established for the gain A defined here. 
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[0119] Here : the target gain level is defined as average gain G f of the total wavelength band, the average gain of 
each monitor block is defined as G 1: G 2 , G 3 , the difference of G, and G-, is defined as AG.,, the difference of G f and G 2 
as AG 2 and the difference of G f and G 3 as AG 3 . 

30 

Formula 1 1 AG 1 = IG f - G 1 1 
AG 2 = IG f - G 2 l 

35 AG 3 = ,G f " G 3 ! 

[0120] In order to make small the gain wavelength deviation (tilt) in the total wavelength band, the average gain 
among monitor blocks is set equally to match with the average gain Gf of the total wavelength band. 
[0121] Here, all wavelengths can be controlled to the constant gain by setting G { to the predetermined value for 
40 obtaining the constant gain. 

Formula 12 AG 1 = AG 2 = AG 3 

45 [0122] Therefore, it is possible to calculate AP p1 , AP p2 , AP p3 from the Formula 13 using the Formula 11 . 



Formula 13 



50 






K 


A 2 


A?' 


'Tag," 








4, 


A2 


A, 


AG 2 


55 








A* 


A>_ 


AG 3 



[0123] Namely, the pump light controller 8 obtains total output of the monitor block of the wavelength multiplex light, 
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executes the process to obtain the average value by dividing total output of th^nonitor block with the number of 
channels and controls the pump light source blocks of the monitor block by calculating the necessary average output 
difference of pump l.ght considering the influence of the gain by each pump light source block on the wavelength of 
each monitor block in view of making small the gain difference in the total wavelength band 

[0124] The feedback controls are repeated, for example, up to ten (10) times until the wavelength characteristic 
deviation (tilt) of the gain of each monitor block of the Raman optical amplifier is eliminated. 

[0125] FIG. 13 is a flowchart illustrating the operation of the pump light controller 8 in FIG. 12, according to an 
embodiment of the present invention. Referring now to FIG. 13, in operation 1 , the control is started 
[0126] From operation 1 , the process moves to operation 2, where the gains G„ G 2 and G 3 of the monitor block are 
obtained, respectively, by subtracting the powers P in „ , P in s2 , Pjn ^ 0 f the monitor blocks of the wavelength demul- 
iplexing coupler 5 provided in the input side from the poweTs P.„ P s2 and Ps3 , respectively, of the monitor blocks of 
the wavelength demultiplexing coupler 5 provided in the output side of the optical amplifying medium 1 

/ rom °P eration 2 the P roces s moves to operation 3, where the target gain G f is compared with the gains G,, 
G 2 and G 3 in the monitor blocks to obtain the differences. 

[0128] From operation 3, the process moves to operation 4, where the difference between AG, , AG 2 and G, is de- 
termined. When difference is within an allowable range in operation 4, the process moves to operation 7, where the 
process stops. When difference is not within the allowable range in operation 4, the process moves to operation 5 
[0129] in operation 5, control amounts AP p1> AP^ and AP p3 of the power levels Pp1 , Pp2 and Pp3, respectively of 
the pump light source blocks V X^ 2 and V respectively, are obtained from AG, , AG 2 and AG, using the average 
gain coefficients A„ to A33 which affects on each monitor block with each pump light. 

[0130] From operation 5, the process moves to operation 6, where the output powers P d1 , P^ and P o3 of the pump 
ight source blocks 6-1 , 6-2 and 6-3, respectively, are controlled by adding the control amount? AP D1 , AP d2 and AP I 
to the current P p1 , P p2 and P p3 , respectively. p1 p2 p3 

[0131] With the flow explained above, the pump light controller 8 controls the individual pump light source blocks In 
the embodiment of FIG. 1 2, like the embodiment of FIG. 3, the number of pump light source blocks and monitor blocks 
may be set freely, 

[0132] Namely, when the number of pump light source blocks is set to n, while the number of monitor blocks is set 
to m, the Formula 10, Formula 11, Formula 12 and Formula 13 may be updated as follows. 
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Formula 16 
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Formula 17 AG 1 AG 2 * A-G n 
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[0133] Thus, the pump light controller 8 could be designed in accordance with the above formula. 
[0134] In the embodiment of FIG. 12, the number of pump light source blocks and monitor blocks can be set freely 
as in the case of the embodiment of FIG. 3, but it is preferable that the number of monitor blocks is set less than the 
number of signal light channels multiplexed in the wavelength multiplex signal, and exceeding the number of pump 
light source blocks. 

[0135] Moreover, as with the embodiment of FIG. 3, the embodiment of FIG. 12 can freely use, as the Raman am- 
plifying medium, a dispersion compensation fiber (DCF) resulting in small effective sectional area and large non-line- 
arity, a dispersion shift fiber (DSF) and a non-zero dispersion shift fiber (NZDSF) as well as the ordinary 1.3 zero- 
micron fiber. 

[0136] When an optical fiber operating as the Raman amplifying medium 1 has a large non-linearity, the fiber can 
be relatively short in length, while providing centralized amplification. 

[0137] Moreover, when an optical fiber operating as the Raman amplifying medium 1 has a small effective cross- 
sectional area and intensive non-linearity, the Raman amplifying medium 1 can be structured in short length. However, 
when an ordinary 1 .3 urn zero-discrete fiber is used, a length of about 40km or longer will probably be required de- 
pending on the pump power. 

[01 38] FIG. 1 4 is a diagram illustrating a Raman amplifier, according to a further embodiment of the present invention. 
More specifically, FIG. 14 illustrates an example where input of the wavelength multiplex light of the Raman amplifier 
of FIG. 12 is notified using the actual transmission line. 

[01 39] Referring now to FIG. 1 4, a monitor.controller (OSC) 1 2 detects the power of each monitor block and transmits 
information of the result to the Raman amplifying medium 1 as the transmission line via a multiplexing coupler 13 in 
the wavelength of X^. The signal of wavelength X osc is demultiplexed with the wavelength demultiplexing coupler 5 
and detected with a monitor controller (OSC) 14 and is then supplied to the pump optical controller 8. 
[0140] In FIG. 14, the wavelength k osc is demultiplexed with the wavelength demultiplexing coupler5, but it is possible 
to additionally provide a branching coupler to the transmission line and to branch the monitor control signal and input 
this signal to the monitor controller 14. 

[0141] In FIG. 13, the gain can be kept constant even when the Raman amplifying medium 1 is used in the trans- 
mission line through the embodiment explained above in the gain wavelength band of the amplifying medium 1 with 
the pump light from the pump light source block using the same value of G f for all monitor blocks. The gain weighted 
for each wavelength band of each monitor block can be controlled to the constant value by setting the other gain G f 
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for each monitor block. 

[0142] In addition, as with the embodiment in FIG. 3. with the embodiment in FIG. 12. the weighting process can be 
performed constantly to G, for all wavelength blocks and it is also possible to conduct the weighting process by providing 
variable orfixed opt.cal attenuators 71 to 73 in the preceding stage of the light receiving elements in unit of monitorblock 
[0143] In the embodiment of FIG. 12. the monitor block is formed via the wavelength demultiplexing couplers 5 and 
10, and light receiving elements 7-1, 7-2, 7-3, 11-1, 11-2 and 11-3, but these may be replaced with the spectrum 
analyzers. 

[0144] The embodiments in FIGS. 3 and 13 can be combined with an optical amplifier using a rare-earth doped fiber 
(for example, an erbium-doped fiber). 

[0145] For example, FIG. 15 is a diagram illustrating a Raman amplifier, according to an additional embodiment of 
the present invention. Referring now to FIG. 15, a first rare-earth doped fiber amplifier 13-1 , a second rare-earth doped 
fiber amplifier 13-2, a wavelength band demultiplexing coupler 5-1 , branching couplers 5-2, 5-3. 5-4 and 5-5 a first 
wavelength band monitor 5-6, a second wavelength band monitor 5-7, a first spectrum analyzer 5-8 and a second 
spectrum analyzer 5-9 are provided. 

[0146] The wavelength band demultiplexing coupler 5-1 divides the wavelength multiplex light amplified with the 
Raman amplifying medium 1 to a first wavelength band (C-band: 1530nm to 1557nm) and a second wavelength band 
(L-band: 1 570nm to 1 61 Onm) and then outputs these divided wavelength bands. 

[01471 The first rare-earth doped fiber amplifier 13-1 is an optical amplifier formed of an erbium-doped fiber (EOF) 
having the gain for the first wavelength band. The second rare-earth doped fiber amplifier 13-2 is an optical amplifier 
formed of an erbium-doped fiber (EDF) having the gain for the second wavelength band. 

[0148] One light branched with the wavelength band demultiplexing coupler 5-1 is amplified by the first rare-earth 
doped fiber amplifier in the first wavelength band, and the other light branched with wavelength band demultiplexing 
coupler 5-1 is amplified by the second rare-earth doped fiber amplifier in the second wavelength band 
[0149] The branching couplers 5-2, 5-3 are branching couplers for branching the light of the first wavelength band 
in the ratio of, for example, 1 0:1 . The branching couplers 5-4, 5-5 are branching couplers for branching the light of the 
second wavelength band in the ratio of, for example, 10:1 . 

[0150] The first wavelength band monitor 5-6 monitors the power of the first wavelength band light branched with 
the branching coupler 5-2. The second wavelength band monitor 5-7 monitors the power of the second wavelength 
band light branched with the branching coupler 5-4. 

[0151] The pump light controller 8 calibrates the output powers of the first spectrum analyzer 5-8 and second spec- 
trum analyzer5-9 based onthe outputs of the first and second wavelength monitors 5-6 and 5-7. Outputs of the spectrum 
analyzers 5-8 and 5-9 are divided to the wavelength band blocks of, for example, 1528.773 to 1552 122nm 1552 524 
to 1 563.455nm, 1570.41 6 to 1581 .601 nm, and 1582.01 8 to 1 607.035nm, to obtain the average output of each monitor 
block in view of controlling the pump lights 6-1 , 6-2 and 6-3. 

[0152] In the embodiment of FIG. 12, it is possible to use an output of the wavelength demultiplexing coupler 1 0 of 
FIG. 1 2 and FIG. 1 4 and use a method for detecting the signal before Raman amplification from the monitor controller 
14 using the monitor control wavelength signal OSC. 

[0153] According to the above embodiments of the present invention, a plurality of pump light sources are used to 
realize a wideband Raman amplifier with flattening of the wavelength characteristic of output and gain The present 
invention enables control of wavelength characteristic deviation of output power and gain, control of constant output 
and control of constant gain using a simplified control algorithm. In various embodiments of the present invention the 
number of wavelength bands for monitoring an amplified light are higher than the number of individual blocks forming 
a pump light source block and lower than the number of signal channels. 

[0154] In the various examples provided herein, specific wavelengths, frequencies and other values are provided 
for explanation purposes. However, the present invention is not limited to such specific wavelengths, frequencies or 
other values. ^ 

[0155] Although a few preferred embodiments of the present invention have been shown and described it would be 
appreciated by those skilled in the art that changes may be made in these embodiments without departing from the 
principles and spmt of the invention, the scope of which is defined in the claims and their equivalents. 

Claims ' 

1 . An optical amplifier comprising; 

an optical amplifying medium through which a wavelength division multiplex (WDM) light travels the WDM 
light including signal lights wavelength division multiplexed together; 
pump light sources generating pump lights of different wavelengths; 
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a first optical multiplexer multiplexing the pump lights together; 

a second optical multiplexermuttiplexing the WDM light with the multiplexed pump lights, the multiplexed pump 
light thereby causing the WDM light to be amplified via Raman amplification in the optical amplifying medium 
as the WDM light travels through the optical amplifying medium; 

a detector dividing the amplified WDM light into wavelength bands and detecting a power in each wavelength 
band; and 

a pump light controller controlling power of each pump light based on a wavelength characteristic of gain 
generated in the optical amplifying medium for each wavelength bands, in accordance with the powers de- 
tected by the detector. 

2. An optical amplifier as claimed in claim 1 , wherein the pump light controller controls the power of each pump light 
to reduce wavelength characteristic deviation of power between the wavelength bands. 

3. An optical amplifier as claimed in claim 1 , wherein the pump light controller controls the power of each pump light 
15 to set the power of each wavelength band to a predetermined value. 

4. An optical amplifier as claimed in claim 1 , wherein the pump light controller controls the power of each pump light 
to set the power of each wavelength band to the same, predetermined value. 

20 5. An optical amplifier as claimed in claim 1 , wherein the pump light controller controls the power of each pump light 
to set the powers of each wavelength band to be equal. 

6. An optical amplifier comprising: 

25 an optical amplifying medium through which a wavelength division multiplex (WDM) light travels, the WDM 

light including signal lights wavelength division multiplexed together; 
pump light sources generating pump lights of different wavelengths; 
a first optical multiplexer multiplexing the pump lights together; 

a second optical multiplexer multiplexing the WDM light with the multiplexed pump lights, the multiplexed pump 
30 lights thereby causing the WDM light to be amplified via Raman amplification in the optical amplifying medium 

as the WDM light travels through the optical amplifying medium; 

an input detector detecting power of the WDM light before being amplified by the optical amplifying medium; 
an output detector detecting power of the amplified WDM light; and 

a pump light controller controlling powers of the pump lights based on the power detected by the input detector 
35 and the power detected by the output detector. 

7. An optical amplifier as claimed in claim 6, wherein 

the input detector divides the WDM light before being amplified by the optical amplifying medium into wave- 
40 length bands and detects the power in each of the wavelength bands, 

the output detector divides the power of the amplified WDM light into wavelength bands and detects the power 
in each of the wavelength bands, and 

the pump light controller controls powers of the pump lights based on the powers detected by the input detector 
and the powers detected by the output detector 



45 



55 



8. An optical amplifier as claimed in claim 6, wherein 



the input detector divides the WDM light before being amplified by the optical amplifying medium into wave- 
length bands and detects the power in each of the wavelength bands, 
so the output detector divides the power of the amplified WDM light into wavelength bands and detects the power 

in each of the wavelength bands, and 

the pump light controller controls the power of each pump Ifcjht in accordance with a comparison of a power 
detected by the output detector with a power detected by the input detector and gain generated in the optical 
amplifying medium by the respective pump light. 



9. An optical amplifier as claimed in claim 8, wherein the pump light controller controls the power of each pump light 
to reduce wavelength characteristic deviation of power between wavelengths bands of the output detector 
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10. An optical amplifier as claimed in claim 8, wherein the pump light controller controls powers of pump lights to set 
the gain of wavelength bands of the output detector to a particular value. 

11. An optical amplifier as claimed in claim 8, wherein the pump light controller controls powers of the pump lights to 
set the gain of wavelength bands of the output detector to the same value. 

12. An optical amplifier comprising: 

an optical amplifying medium through which a wavelength division multiplex (WDM) light travels, the WDM 
light including signal lights wavelength division multiplexed together; 
pump light sources generating pump lights of different wavelengths; 
a first optical multiplexer multiplexing the pump lights together; 

a second optical multiplexer multiplexing the WDM light with the multiplexed pump lights, the multiplexed pump 
lights thereby causing the WDM light to be amplified via Raman amplification in the optical amplifying medium 
as the WDM light travels through the optical amplifying medium; 
a decoupler decoupling a portion of the amplified WDM light; 

a detector dividing the decoupled portion into wavelength bands and detecting a power in each wavelength 
band; and 

a pump light controller controlling power of each pump light based on a wavelength characteristic of gain 
generated in the optical amplifying medium for each wavelength bands, in accordance with the powers de- 
tected by the detector. 

1 3. An optical amplifier as claimed in claim 1 2, wherein the pump light controller controls the power of each pump light 
to reduce wavelength characteristic deviation of power between the wavelength bands. 

14. An optical amplifier as claimed in claim 1 2, wherein the pump light controller controls the power of each pump light 
to set the power of each wavelength band to a predetermined value. 

15. An optical amplifier as claimed in claim 1 2, wherein the pump light controller controls the power of each pump light 
30 to set the power of each wavelength band to the same value. 

16. An optical amplifier as claimed in claim 1 2, wherein the pump light controller controls the power of each pump light 
to set the powers of each wavelength band to be equal. 

35 17. An optical amplifier comprising: 

an optical amplifying medium through which a wavelength division multiplex (WDM) light travels, the WDM 
light including signal lights wavelength division multiplexed together; 
pump light sources generating pump lights of different wavelengths; 
a first optical multiplexer multiplexing the pump lights together; 

a second optical multiplexer multiplexing the WDM light with the multiplexed pump lights, the multiplexed pump 
lights thereby causing the WDM light to be amplified via Raman amplification in the optical amplifying medium 
as the WDM light travels through the optical amplifying medium; 

an input detector dividing the WDM light before being amplified in the optical amplifying medium into wave- 
length bands, and detecting the power in each wavelength band; 

an output detector dividing the amplified WDM light into the same wavelength bands as the input detector, 
and detecting the power in each wavelength band; and 

a pump light controller controlling powers of the pump lights based on the powers detected by the input detector 
and the powers detected by the output detector. 



25 



40 



45 



50 



55 



18. An optical amplifier as claimed in claim 17, wherein the pump light controller controls powers of the pump lights 
based on differences in power detected by the input detector and the output detector for each wavelength band. 

19. An optical amplifier as claimed in claim 1 7, wherein the pump light controller controls the power of each pump light 
in accordance with differences in power detected by the input detector and the output detector for each wavelength 
band and gain generated in the optical amplifying medium by the respective pump light. 

20. An optical amplifier as claimed in claim 1 9, wherein the pump light controller controls the power of each pump light 
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• 



to reduce wavelength characterise deviation of power between the wavelengths bands. 

21 . An optical amplifier as claimed in claim 19 : wherein the pump light controller controls powers of pump lights to set 
the gain of each wavelength band to a particular value. 

5 

22. An optical amplifier as claimed in claim 19, wherein the pump light controller controls powers of the pump lights 
to set the gain of each wavelength band to the same value. 

23. An optical amplifier for amplifying a wavelength division multiplexed (WDM) light including signal lights wavelength 
10 division multiplexed together, the amplifier comprising: 

an optical amplifying medium through which the WDM light travels and is thereby amplified via Raman ampli- 
fication in accordance with multiplexed pump lights of different wavelengths traveling through the optical am- 
plifying medium, the WDM light being amplified in a wavelength band divided into a plurality of individual 
'5 wavelength bands; and 

a controller controlling power of each pump light based on a wavelength characteristic of gain generated in 
the optica! amplifying medium in the individual wavelength bands. 

24. An optical amplifier as claimed in claim 23, wherein the controller controls the power of each pump light to reduce 
20 a wavelength characteristic deviation of power between the individual wavelength bands. 

25. An optical amplifier as claimed in claim 23, wherein the controller controls the power of each pump light to set a 
power of each individual wavelength band to be equal. 

25 26. An optical amplifier for amplifying a wavelength division multiplexed (WDM) light including signal lights wavelength 
division multiplexed together, the amplifier comprising: 

an optical amplifying medium through which the WDM light travels and is thereby amplified via Raman ampli- 
fication in accordance with multiplexed pump lights of different wavelengths traveling through the optical am- 
30 plifying medium, the WDM light being amplified in a wavelength band divided into a plurality of individual 

wavelength bands; and 

a controller controlling output powers of the pump lights in accordance with differences in power of the WDM 
light before being amplified by the optical amplifying medium and after being amplified by the optical amplifying 
medium in each individual wavelength band. 

35 

27. An optical amplifier as claimed in claim 26, wherein the controller controls the power of each pump light in accord- 
ance with gain generated in the optical amplifying medium by the respective pump light. 

28. An optical amplifier as claimed in claim 26, wherein the controller controls powers of the pump lights to set the 
40 gain of the individual wavelength bands to a particular value. 

29. An optical amplifier as claimed in claim 26, wherein the controller controls powers of the pump lights to set the 
gain of each individual wavelength band to the same value. 

45 30. An optical amplifier for amplifying a wavelength division multiplexed (WDM) light including signal lights wavelength 
division multiplexed together, the amplifier comprising: 

an optical amplifying medium through which the WDM light travels and is thereby amplified via Raman ampli- 
fication in accordance with multiplexed pump lights of different wavelengths traveling through the optical am- 
50 plifying medium, the WDM light being amplified in a wavelength band divided into a plurality of individual 

wavelength bands; and 

means for controlling power of each pump light based on a Wavelength characteristic of gain generated in the 
optical amplifying medium in the individual wavelength bands. 

55 31. An optical amplifier for amplifying a wavelength division multiplexed (WDM) light including signal lights wavelength 
division multiplexed together, the amplifier comprising: 

an optical amplifying through which the WDM light travels and is thereby amplified via Raman amplification in 
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accordance with multiplexed pump lights of different wavelengths travelinglhrough the optical amplifying me- 
dium, the WDM light being amplified in a wavelength band divided into a plurality of individual wavelength 
bands; and 

means for controlling output powers of the pump lights in accordance with differences in power of the WDM 
5 light before being amplified by the optical amplifying medium and after being amplified by the optical amplifying 

medium in each individual wavelength band. 

32. A method comprising: 

10 causing a wavelength division multiplex (WDM) light to travel through an optical amplifying medium, the WDM 

light including signal lights wavelength division multiplexed together; 
generating pump lights of different wavelengths; 
multiplexing the pump lights together; 

multiplexing the WDM light with the multiplexed pump lights, the multiplexed pump light thereby causing the 
WDM light to be amplified via Raman amplification in the optical amplifying medium as the WDM light travels 
through the optical amplifying medium: 
dividing the amplified WDM light into wavelength bands; 
detecting a power in each wavelength band; and 

controlling power of each pump light based on a wavelength characteristic of gain generated in the optical 
amplifying medium for each wavelength bands, in accordance with the detected powers. 

33. A method as claimed in claim 32, wherein said controlling controls the power of each pump light to reduce wave- 
length characteristic deviation of power between the wavelength bands. 
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34. A method as claimed in claim 32, wherein said controlling controls the power of each pump light to set the power 
of each wavelength band to a predetermined value. 

35. A method as claimed in claim 32, wherein said controller controls the power of each pump light to set the power 
of each wavelength band to the same, predetermined value. 

36. A method as claimed in claim 32, wherein said controller controls the power of each pump light to set the powers 
of each wavelength band to be equal. 

37. A method comprising: 

causing a wavelength division multiplex (WDM) light to travel through an optical amplifying medium, the WDM 
light including signal lights wavelength division multiplexed together; 
generating pump lights of different wavelengths; 
multiplexing the pump lights together; 

multiplexing the WDM light with the multiplexed pump lights, the multiplexed pump lights thereby causing the 
WDM light to be amplified via Raman amplification in the optical amplifying medium as the WDM light travels 
through the optical amplifying medium; 

detecting power of the WDM light before being amplified by the optical amplifying medium; 
detecting power of the amplified WDM light; and 

controlling powers of the pump lights based on the power detected by said detecting power of the WDM light 
before being amplified and said detecting power of the amplified WDM light. 

38. A method as claimed in claim 37, wherein 

said detecting of the WDM light before being amplified comprises dividing the WDM light before being amplified 
by the optical amplifying medium into wavelength bands and detecting the power in each of the wavelength 
bands, ' 

said detecting power of the amplified WDM light comprises dividing the power of the amplified WDM light into 
wavelength bands and detecting the power in each of the wavelength bands, and 

said controlling comprises controlling powers of the pump lights based on the powers detected by said de- 
tecting power of the WDM light before being amplified and said detecting power of the amplified WDM light. 

39. A method comprising: 
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causing a wavelength division multiplex (WDM) light to travel through an optical amplifying medium, the WDM 

light including signal lights wavelength division multiplexed together; 

generating pump lights of different wavelengths; 

multiplexing the pump lights together; 
5 multiplexing the WDM light with the multiplexed pump lights the multiplexed pump lights thereby causing the 

WDM light to be amplified via Raman amplification in the optical amplifying medium as the WDM light travels 

through the optical amplifying medium; 

decoupling a portion of the amplified WDM light; 

dividing the decoupled portion into wavelength bands; 
10 detecting a power in each wavelength band; and 

controlling power of each pump light based on a wavelength characteristic of gain generated in the optical 

amplifying medium for each wavelength bands, in accordance with the powers detected by said detecting. 

40. A method as claimed in claim 39, wherein said controlling controls the power of each pump light to reduce wave- 
15 length characteristic deviation of power between the wavelength bands. 

41 . A method as claimed in claim 39, wherein said controlling controls the power of each pump light to set the power 
of each wavelength band to a predetermined value. 

20 42. A method as claimed in claim 39, wherein said controlling controls the power of each pump light to set the power 
of each wavelength band to the same value. 

43. A method as claimed in claim 39, wherein said controlling controls the power of each pump light to set the powers 
of each wavelength band to be equal. 
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44. A method comprising: 



causing a wavelength division multiplex (WDM) light to travel through an optical amplifying medium, the WDM 
light including signal lights wavelength division multiplexed together; 
30 generating pump lights of different wavelengths; 

multiplexing the pump lights together; 

multiplexing the WDM light with the multiplexed pump lights, the multiplexed pump lights thereby causing the 
WDM light to be amplified via Raman amplification in the optical amplifying medium as the WDM light travels 
through the optical amplifying medium: 
35 dividing the WDM light before being amplified in the optical amplifying medium into output wavelength bands; 

detecting the power in each input wavelength band; 

dividing the amplified WDM light into output wavelength bands which are the same as said input wavelength 
bands; 

detecting the power in each output wavelength band; and 
40 controlling powers of the pump lights based on the powers detected in the input wavelength bands and the 

output wavelength bands. 

45. A method as claimed in claim 44, wherein said controlling controls powers of the pump lights based on differences 
in power detected between each input wavelength band and the same output wavelength band. 

45 

46. A method as claimed in claim 44, wherein said controlling controls the power of each pump light in accordance 
with differences in power detected between each input wavelength band and the same output wavelength band 
and gain generated in the optical amplifying medium by the respective pump light. 

50 47. A method comprising: 

causing a wavelength division multiplexed (WDM) light inclucling signal lights wavelength division multiplexed 
together to travel through an optical amplifying medium and thereby amplify the WDM light via Raman ampli- 
fication in accordance with multiplexed pump lights of different wavelengths traveling through the optical am- 
55 piifying medium, the WDM light being amplified in a wavelength band divided into a plurality of individual 

wavelength bands; and 

controlling power of each pump light based on a wavelength characteristic of gain generated in the optical 
amplifying medium in the individual wavelength bands. 
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48. A method as claimed in claim 47, wherein said controlling controls the power of each pump light to reduce a 
wavelength characteristic deviation of power between the individual wavelength bands. 

49. A method as claimed in claim 47, wherein said controlling controls the power of each pump light to set a power of 
5 each individual wavelength band to be equal. 

50. A method comprising: 

causing a wavelength division multiplexed (WDM) light including signal lights wavelength division multiplexed 
10 together to travel through an optical amplifying medium and thereby amplify the WDM light via Raman ampli- 

fication in accordance with multiplexed pump lights of different wavelengths traveling through the optical am- 
plifying medium, the WDM light being amplified in a wavelength band divided into a plurality of individual 
wavelength bands; and 

controlling output powers of the pump lights in accordance with differences in power of the WDM light before 
15 being amplified by the optical amplifying medium and after being amplified by the optical amplifying medium 

in each individual wavelength band. 

51. A method as claimed in claim 50, wherein said controlling controls the power of each pump light in accordance 
with gain generated in the optical amplifying medium by the respective pump light. 

52. A method as claimed in claim 60, wherein said controlling controls powers of the pump lights to set the gain of the 
individual wavelength bands to a particular value. 

53. A method as claimed in claim 50, wherein said controlling controls powers of the pump lights to set the gain of 
25 each individual wavelength band to the same value. 

54. An optical amplifierfor amplifying a wavelength division multiplexed (WDM) light including signal lights wavelength 
division multiplexed together, the amplifier comprising: 

30 an optical amplifying medium through which the WDM light travels and is thereby amplified via Raman ampli- 

fication in accordance with multiplexed pump lights of different wavelengths traveling through the optical am- 
plifying medium; 

an optical device dividing the amplified WDM light into first and second divided lights in first and second wave- 
length bands, respectively; 

35 a first optical amplifier amplifying the first divided light, the first optical amplifier having a gain band including 

the first wavelength band; 

a second optical amplifier amplifying the second divided light, the second optical amplifier having a gain band 
including the second wavelength band; and 

a controller controlling power of each pump light based on a power of the first divided light amplified by the 
40 first optical amplifier and a power of the second divided light amplified by the second optical amplifier. 

55. An optical amplifier as claimed in claim 54, wherein 

the first wavelength band is divided into a plurality of first individual wavelength bands, the second wavelength 
45 band is divided into a plurality of second individual wavelength bands, and 

the controller controls power of each pump light based on a wavelength characteristic of gain generated in 
the first individual wavelength bands and the second individual wavelength bands. 

56. An optical amplifier as claimed in claim 54, wherein the first wavelength band is C-band and the second wavelength 
so band is L-band. 

57. An optical amplifier as claimed in claim 54, wherein the first wavelength band is C-band, the second wavelength 
band is L-band, the first optical amplifier is a C-band erbium doped fiber amplifier and the second optical amplifier 
is an L-band erbium doped fiber amplifier. 

58. An optical amplifier as claimed in claim 55, wherein the first wavelength band is C-band and the second wavelength 
band is L-band. 
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59. An optical amplifier as claimed in claim 55, wherein the first wavelength band is C-band, the second wavelength 
band is L-band, the first optical amplifier is a C-band erbium doped fiber amplifier and the second optical amplifier 
is an L-band erbium doped fiber amplifier. 

60. An optical amplifier as claimed in claim 55, wherein the controller controls the power of each pump light to reduce 
a wavelength characteristic deviation of power between the first and second individual wavelength bands. 

61. An optical amplifier as claimed in claim 55, wherein the controller controls the power of each pump light to set a 
power of each first and second individual wavelength band to be equal. 

62. An optical amplifier for amplifying a wavelength division multiplexed (WDM) light including signal lights wavelength 
division multiplexed together, the amplifier comprising: 

an optical amplifying medium through which the WDM light travels and is thereby amplified via Raman ampli- 
fication in accordance with multiplexed pump lights of different wavelengths traveling through the optical am- 
plifying medium; 

an optical device dividing the amplified WDM light into first and second divided lights in first and second wave- 
length bands, respectively; 

a first optical amplifier amplifying the first divided light, the first optical amplifier having a gain band including 
the first wavelength band; 

a second optical amplifierampiifying the second divided light, the second optical amplifier having a gain band 
including the second wavelength band; and 

a controller controlling output powers of the pump lights in accordance with a difference in power of the first 
divided light before and after being amplified by the first optical amplifier, and with a difference in power of the 
second divided light before and after being amplified by the second optical amplifier. 

63. An optical amplifier as claimed in claim 62, wherein 

the first wavelength band is divided into a plurality of first individual wavelength bands, 
the second wavelength band is divided into a plurality of second individual wavelength bands, and 
the controller controls output powers of the pump lights in accordance with differences in power of the first 
divided light in each first individual wavelength band before and after being amplified by the first optical am- 
plifier, and in accordance with differences in power of the second divided light in each second individual wave- 
length band before and after being amplified by the second optical amplifier. 

64. An optical amplifier as claimed in claim 62, wherein the first wavelength band is C-band and the second wavelength 
band is L-band. 

65. An optical amplifier as claimed in claim 62, wherein the first wavelength band is C-band, the second wavelength 
band is L-band, the first optical amplifier is a C-band erbium doped fiber amplifier and the second optical amplifier 
is an L-band erbium doped fiber amplifier. 

66. An optical amplifier as claimed in claim 63. wherein the first wavelength band is C-band and the second wavelength 
band is L-band. 

67. An optical amplifier as claimed in claim 63, wherein the first wavelength band is C-band, the second wavelength 
band is L-band, the first optical amplifier is a C-band erbium doped fiber amplifier and the second optical amplifier 
is an L-band erbium doped fiber amplifier. 

68. An optical amplifier as claimed in claim 63, wherein the controller controls the power of each pump light to reduce 
a wavelength characteristic deviation of power between the first and second individual wavelength bands. 

69. An optical amplifier as claimed in claim 63, wherein the controller controls the power of each pump light to set a 
power of each first and second individual wavelength band to be equal. 

70. An optical amplifier for amplifying a wavelength division multiplexed (WDM) light including signal lights wavelength 
division multiplexed together, the amplifier comprising: 
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an optical amplifying medium through which the WDM light travels and is thereby amplified via Raman ampli- 
fication in accordance with multiplexed pump lights of different wavelengths traveling through the optical am- 

an opiicTldevtee dividing the amplified WDM light into first and second divided lights in first and second wave- 

a St o b ptS ampESlifying the first divided light, the first optical amplifier having a gain band including 

the first wavelength band; . . . 

a second optical amplifier amplifying the second divided light, the second optical amplifier hav.ng a gam band 
includinq the second wavelength band; and 

means for controlling power of each pump light based on a power of the first divided light amplified by the f.rst 
optical amplifier and a power of the second divided light amplified by the second optical amplifier. 

71. A method comprising: 

causing a wavelength division multiplexed (WDM) light to travel through an optical amplifying medium to there- 
by amplify the WDM light via Raman amplification in accordance with multiplexed pump lights of different 
wavelengths traveling through the optical amplifying medium, the WDM light including signal lights wavelength 
division multiplexed together; . n . 

dividing the amplified WDM light into first and second divided lights in first and second wavelength bands, 

ImSngthe first divided light with a first optical amplifier having a gain band including the first wavelength 

amplifying the second divided light with a second optical amplifier having a gain band including the second 
wavelenqth band; and 

controlling power of each pump light based on a power of the amplified first divided light and a power of the 
amplified second divided light. 

72. A method comprising: 

causing a wavelength division multiplexed (WDM) light to travel through an optical amplifying medium » there- 
by amplify the WDM light via Raman amplification in accordance with multiplexed pump lights of different 
wavelengths traveling through the optical amplifying medium, the WDM light including signal lights wavelength 

division multiplexed together; , ,, K =r,^ 

dividing the amplified WDM light into first and second divided lights in f.rst and second wavelength bands, 

amplifying the first divided light with a first optical amplifier having a gain band including the first wavelength 

amplifying the second divided light with a second optical amplifier having a gain band including the second 

wavelength band; and ^- 
controlling output powers of the pump lights in accordance with a difference in power of the f.rst divided light 
before and after being amplified by the first optical amplifier, and a difference in power of the second div.ded 
light before and after being amplified by the second optical amplifier. 
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1 ^ START OF CONTROL; 




f 




- OBTAIN THE AVERAGE WAVELENGTH OUTPUT POWERS Ps1 TO 

- Ps3 IN THE MONITOR BLOCK WITH AN OUTPUT OF THE LIGHT 

RECEIVING ELEMENTS 7-1 TO 7-3. 


o > 




f 


s COMPARE THE AVERAGE WAVELENGTH OUTPUT POWERS Ps1 TO 
Ps3 IN THE MONITOR BLOCK WITH THE TARGET WAVELENGTH 
MULTIPLEX OUTPUT VALUE Pf TO OBTAIN APs1 TO APs3. 






f 




WHEN APs1 TO APs3 ARE COMPARED WITH Pf AND THE RESULT 
IS WITHIN THE ALLOWABLE RANGE, OPERATION STOPS AND GOES 

TO THE STEP 7 AND WHEN THE RESULT IS NOT WITHIN THE 
ALLOWABLE RANGE, OPERATION GOES TO THE NEXT OPERATION 5. 






r 




OBTAIN THE CONTROL MOUNTS APp1 TO APp3 OF THE POWER 

LEVELS p1 TO p3 OF THE PUMP LIGHT SOURCE BLOCKS 
Xp1 TO \p3 USING THE AVERAGE GAIN COEFFICIENTS An TO A33 
AFFECTED ON EACH MONITOR BLOCK BY EACH PUMP LIGHT 
WITHAPs1T0APs3. 






r 


6-x 


ADD THE CONTROL AMOUNTS APp1 TO APp3 TO THE CURRENT 
Pp1 TO Pp3 TO CONTROL THE OUTPUT POWERS Pp1 TO Pp3 OF THE 
PUMP LIGHT SOURCE BLOCKS 6-1 TO 6-3. 







END OF CONTROL PROCESS 
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START OF CONTROL 



OBTAIN THE GAIN OF EACH MONITOR BLOCK 61 TO G3 BY 
SUBTRACTING THE POWERS Pin_s1 TO Pin_s3 OF EACH MONITOR BLOCK 
OF THE WAVELENGTH DEMULTIPLEXING COUPLER 5 PROVIDED IN 
THE INPUT SIDE FROM THE POWERS Ps1 TO Ps3 OF THE MONITOR 
BLOCK OF THE WAVELENGTH DEMULTIPLEXING COUPLER 5 PROVIDED 
IN THE OUTPUT SIDE OF THE OPTICAL AMPLIFYING MEDIUM. 



COMPARE THE TARGET GAIN Gf WITH THE GAINS G1 TO G3 
IN THE MONITOR BLOCK TO OBTAIN THE DIFFERENCES AG1 TO AG3 



WHEN AG1 TO AG3 ARE COMPARED WITH Gf AND THE RESULT 
IS WITHIN THE ALLOWABLE RANGE, OPERATION STOPS AND GOES 

TO OPERATION 7 AND WHEN THE RESULT IS NOT WITHIN THE 
ALLOWABLE RANGE, OPERATION GOES TO THE NEXT OPERATION 5. 



OBTAIN THE CONTROL MOUNTS APp1 TO APp3 OF THE POWER 

LEVELS Pp1 TO Pp3 OF THE PUMP LIGHT SOURCE BLOCKS 
\p1 TO Xp3 USING THE AVERAGE GAIN COEFFICIENTS An TO A33 
AFFECTED ON EACH MONITOR BLOCK BY EACH PUMP LIGHT 
WITH AG1 TO AG3. 



ADD THE CONTROL AMOUNTS APp1 TO APp3 TO THE CURRENT 
Pp1 TO Pp3 TO CONTROL THE OUTPUT POWERS Pp1 TO Pp3 OF THE 
PUMP LIGHT SOURCE BLOCKS 6-1 TO 6-3. 



END OF CONTROL 
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